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The synthesis of nitrogen heterocycles is of great interest because they constitute an important class of natural and synthetic products, many of which exhibit useful biological activity and find application in pharmaceutical preparations. [4] [5] [6] [7] The quinoline ring system is an important structural unit in many naturally occurring alkaloids, therapeutics, and in the synthetic analogues with interesting biological activities. 8 Quinolines are also very important for designing many pharmacologically important compounds, 9 due to their wide spectrum of biological activities such as antimalarial, anti-bacterial, anti-asthmatic, antihypertensive, anti-inflammatory, anti-platelet, and tyrokinase PDGF-RTK inhibiting activities. [10] [11] [12] Therefore, the development of new and efficient methodologies for the synthesis of quinoline ring system will be interesting in both synthetic organic and medicinal chemistry. 13 Methods for the synthesis of the quinoline ring system have been developed and documented in the literature. 14 However, most of these methods are not completely satisfactory with regard to the yield and reaction conditions. Hence, a simple and an efficient method for the synthesis of the quinolone ring system is still in demand. Recently, the heterogeneous catalysis has developed considerable interest in the various disciplines of science including organic synthesis due to the prime advantage that, in most of the cases the heterogeneous catalysts can be recovered with only minor change in activity and selectivity so that they can be used in continuous flow reactions. 15 Heterogeneous catalysts have many advantages over their homogeneous counterparts. In continuation of our efforts to develop new methods for the synthesis of biologically active heterocyclic compounds using readily available, inexpensive, and environment friendly catalysts, [16] [17] [18] [19] [20] [21] [22] herein, we wish to report a mild and efficient method for the synthesis 23 of some novel 4-aryl-2,5-dioxo-1,2,3,4,5,6,7,8-octahydroquinoline-3-carboxylic acid ethyl esters. This method utilizes a one-pot four-component reaction of aromatic aldehydes, diethyl malonate, dimedone/1,3-cyclohexadione, and ammonium acetate in the presence of readily available, inexpensive, mild, recyclable, and common laboratory chemical ZnO as a catalyst (Scheme 1). An initial study was performed by treating a mixture of anisaldehyde, diethyl malonate, dimedone, and ammonium acetate in water without any catalyst similar to the reaction which was carried out to get N-amino derivative of substituted quinoline-2,5-dione as one of the intermediates in a multistep reaction, 24 and found that, the reaction was possible in water under reflux, and the isolated yield after 8 h was low (45%, ZnO has earlier been shown to be a mild base and finds application in organic synthesis. 25 Further, studies were carried out to optimize the amount of catalyst by using different amounts of ZnO (3, 5, 6, 7.5, 10, 15, and 30 mol %) and the results are presented in Table 2 ; we found that, 7.5 mol % of ZnO affords the product in 90% isolated yield. Increasing the amount of catalyst did not improve the yield (Table 2) .
It was noticed that, the reaction is also possible by ZnO in refluxing EtOH, MeOH, and CH 3 CN; among the solvents used H 2 O was found to be the best solvent as shown in Table 3 .
To demonstrate the generality of this method, we performed all further reactions using ZnO (7.5 mol %) in water at reflux, and found that, ZnO can efficiently catalyze the reaction between dimedone, diethyl malonate, ammonium acetate, and different aromatic aldehydes to afford excellent yield of the desired products within 2-2.5 h. When we carried out the reaction using aliphatic aldehydes, there was no product formation even after 15 h (Table  4 , entries 7, 8) . We also examined the use of 1,3-cyclohexandione instead of dimedone (Table 4 , entry 9) and found that, the reaction works but the isolated yield after 10 h is only 40%. From Table 4 , it is clear that, the method is equally effective for both electron withdrawing and electron donating aromatic aldehydes.
In recent years, Raman spectroscopy has been proved to be a valuable tool in the investigation of structure of complex molecules of biological interest. 26 Recently, we have reported the vibrational studies on 6-amino-4-(4
To determine the configuration of C15 (C4) and C16 (C3) in 4-(2 0 -nitrophenyl)-7,7-dimethyl-2,5-dioxo-1,2,3,4,5,6,7,8-octahydroquinoline-3-carboxylic acid ethyl ester (5e), the vibrational frequencies were calculated and the scaled values were compared with experimental FT-IR and FT-Raman spectral values for both cisand trans-isomers to find the structure of 5e. It is found that, the observed and the calculated frequencies of e,e 0 -trans-isomer are found to be in good agreement for the important functional groups as shown in Table 5 . These frequency calculations were carried out on the optimized structure of 5e using the program available in the GAUSSIAN software. [28] [29] [30] The optimized geometry of 5e and the numbering system is given in Figure 1 . From the density functional theory (DFT) calculations we found that, the configuration of C15 (C4) and C16 (C3) in 5e is ee 0 -trans. The possibility of recycling the catalyst was then examined. After completion of the reaction (2-2.5 h), the contents were filtered and dichloromethane (10 ml) was added to the residue, the catalyst was filtered and washed with dichloromethane and recycled five times. From the Figure 2 , it can be seen that, in the first four runs the activity was more or less maintained but after the fourth run it starts decreasing, which is due to loss of the catalyst during recovery and the recovered amount of catalyst is 0.025, 0.024, 0.023, 0.022, and 0.020 g and the respective isolated yields for the five runs is found to be 90%, 89%, 87%, 85%, and 78%.
In conclusion, we have developed a new, rapid, and efficient method for the synthesis of 4-aryl-2,5-dioxo-1,2,3,4,5,6,7,8-octahydroquinoline-3-carboxylic acid ethyl esters by a one-pot four component reaction of aromatic aldehydes, diethyl malonate, dimedone/1,3-cyclohexadione, and ammonium acetate using ZnO as an efficient, mild, and heterogeneous catalyst which could be reused for at least five times. The reaction is facile, simple, and environment-friendly. a (FT-IR and FT-Raman spectra are available as supplementary data). (2 mmol) were then added to the reaction mixture and refluxed for the remaining time (Table 4 ). The crude product thus separated was filtered and washed with water, The dried solid residue was treated with dichloromethane and filtered to get ZnO which could be reused. The filtrate was then evaporated to get the desired solid 4-aryl-7,7-dimethyl-2,5dioxo-1,2,3,4,5,6,7,8-octahydroquinoline-3-carboxylic acid ethyl ester which was subjected to silica gel column chromatography [silica gel G, 100-200 mesh] to get the pure product.
The yields and Mps of all the products are presented in Table 4 , and the structures were confirmed by 1 H NMR, 13 C NMR spectral and CHN analyses. Spectral data: 
